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Purpose: This study aims at determining whether there is a seasonal pattern of falls among older people
in Hong Kong and exploring the possible mechanisms underlying the seasonal pattern.
Methods: The falls data were obtained from a 1-year prospective study conducted in 2006—2007 which
includes all the older people aged 60 years or more with a fall presenting to Accident and Emergency
Department of a regional hospital in Hong Kong. The occurrence of falls among the 12 months was
recorded and was used to correlate with weather data, including air temperature, relative humidity, and
rainfall, in each month during the study period. Analyses were also carried out to examine if there was
any signiﬁcation association between occurrence of falls in four seasons and various factors, including
age, gender and living arrangement of the fallers, location of falls, and predisposing factors for their falls.
Results: There was a peak in occurrence of falls among the older people during winter. A signiﬁcant
correlation was found between a higher number of falls and lower air temperature and lower relative
humidity. Age, gender, and location of falls for the fallers were not associated with the peak seasons
(winter and autumn) and nonpeak seasons (spring and summer). Signiﬁcantly larger proportion of falls
occurred among people living in old age home during the peak season compared with the nonpeak
season. Higher proportion of fallers during the peak season had lower limbs weakness as compared with
that in nonpeak season. Multivariate logistic regression showed that only living arrangement and risky
behavior were signiﬁcantly associated with fall occurrence in peak season.
Conclusion: A higher incidence of falls in winter among older people in Hong Kong was observed and
possible mechanisms contributing to this seasonal pattern were explored. Further studies on interven-
tion to minimize its impact on risk of falling among older people are indicated.
Copyright  2011, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
Open access under CC BY-NC-ND license.LLC.1. Introduction
Seasonal variation of falls and hip fractures has been docu-
mented in some but not all previous studies conducted in various
countries with different latitudes and weather conditions. Some
studies indicate a signiﬁcant seasonal pattern of falls with a higher
occurrence of falls or hip fractures in winter1e12 but other studies
do not show such a signiﬁcant seasonal variation in occurrence of
falls or hip fractures.13e22 A previous study, which compared the
extent of seasonal variation of hip fracture at three regions withand Therapeutics, Faculty of
g Kong.
).
linical Gerontology & Geriatrics. Pdifferent latitudes, indicated that Hong Kong has a greater extent of
seasonal variation than that in Scotland and Auckland.8 As the
winter temperature in Hong Kong is higher than that in Scotland
and Auckland, this ﬁnding suggested that geographical, physio-
logical, and behavioral factors other than climatic factors alonemay
contribute to such a seasonal pattern of fracture.8 Another local
study5 also conﬁrmed a seasonal pattern of hip fracture in Hong
Kong with a signiﬁcant higher proportion of hip fracture cases
reported in winter as compared with summer.
Although it has been observed that there is an increased rate of
falls in winter in local clinical settings, no published study docu-
mented seasonal pattern of falls in Hong Kong. The objective of
present study is to determinewhether there is a seasonal pattern of
falls in older people in Hong Kong and to explore possible mech-
anisms underlying the seasonal variation.ublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
Fig. 1. Adjusted number of falls during a 30-day period, by month, 2006e2007.
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Older people aged 60 years or more with a fall presenting to
Accident and Emergency (A&E) Department in a regional hospital
in Shatin district in Hong Kong were included in a 1-year
prospective study conducted in 2006e2007.23 The A&E Depart-
ment records, which weremarkedwith an index “fall” regardless of
any precipitating factors for the fall, were collected during the 1-
year period. There were 2942 falls occurring during this 1-year
period, which were contributed by 2608 fallers. Information
regarding the fallers’ age, gender, and date of presentation to the
A&E Department with a fall was obtained through reviewing their
A&E Department records. As the exact date for falls occurring was
difﬁcult to determine, the date of presentation was taken as the
date for occurrence of falls assuming that the time gap between the
two dates is insigniﬁcant. Of the 2608 older fallers presenting to
A&E Department during the study period, 807 (27%) attended a falls
assessment clinic and completed a comprehensive assessment
covering a wide range of information, such as circumstances and
consequences of falls and measurements relating to their physical,
cognitive, functional, mobility, and psychosocial status. Details of
the comprehensive assessment have been described elsewhere.23
The occurrence of fall in each calendar month during the study
period was recorded. Repeated falls occurring in the same person
on different occasions were counted as separate cases. To
compensate for the unequal length of months, the total number of
falls occurring in each month was adjusted to a 30-day equivalent
period. It was noted that the four seasons in Hong Kong may not be
strictly categorized according to calendar months. For the purpose
of this study, a year was classiﬁed into the four seasons, each
consists of 3 months as follows: spring consists of March, April, and
May; summer consists of June, July, and August; autumn consists of
September, October, and November; and winter consists of
December, January, and February.
Poisson regression was used to examine if there was any
signiﬁcant difference for the occurrence of falls among the four
seasons. The adjusted monthly number of falls was used as the
dependent variable and season was used as the independent vari-
able. Incidence rate ratio was estimated by taking exponential of
the regression coefﬁcient. A signiﬁcant difference in number of falls
occurring in spring, summer, and autumn as compared with winter
was indicated by a p value being less than 0.05 (i.e., an incidence
rate ratio being signiﬁcantly different from 1).
Weather information regarding the mean daily maximum,
mean, and minimum air temperature (degrees Celsius), relative
humidity, and rainfall in each month during the study period was
obtained from the ofﬁcial report published by the Hong Kong
Government Observatory.24 The weather data were used to corre-
late with the adjusted monthly number of falls. Pearson correlation
coefﬁcients were estimated and a correlation signiﬁcantly different
from zero was indicated by a p value being less than 0.05.
For those fallers who completed the comprehensive assessment
at the falls assessment clinics, chi-square test and t test were
adopted to examine if there was any signiﬁcant association (i.e., p
value< 0.05) between various factors and the fall occurrence in
peak season. These factors included (1) characteristics of the fallers,
such as age, gender, and living arrangement (living at their own
home and in old age home); (2) location of fall (inside or outside
home); and (3) predisposing factors identiﬁed during the
comprehensive assessment, such as lower limbs weakness,
unsteady gait, trip, slip, risky behavior, footwear problem, dizzi-
ness, syncope, drowsiness, palpitation, and knocked down by
others. Using multivariate logistic regression, the inﬂuence of these
factors was examined collectively. The odds of a fall occurring in
peak seasons as compared with nonpeak season was used asdependent variable and all these factors were used as independent
variables. Odds ratio was estimated by taking exponential of the
regression coefﬁcient. Factors that signiﬁcantly associated with fall
occurrence in peak season were indicated by a p value of less than
0.05 (i.e., an odds ratio being signiﬁcantly different from 1). All the
statistical analyses were performed using SPSS version 16.0 (SPPS
Inc., Chicago, IL, USA).3. Results
A total of 2942 falls were identiﬁed at the A&E Department
during the study period. Falls were more likely to occur at
December and January (Fig. 1). The average adjusted monthly
number of falls in winter was the highest among the four seasons
(Table 1). The results of the Poisson regression indicated that there
was signiﬁcantly (p value< 0.001) more falls occurring in winter
when compared with that in either spring or summer. During
spring and summer, there were respectively 20% and 38% fewer
falls when compared with winter. However, no signiﬁcant differ-
ence in fall occurrence was found between winter and autumn.
Table 2 shows the Pearson correlation coefﬁcients between
weather variables and the adjusted number of falls in each month.
Number of falls was inversely correlated with average daily air
temperature (maximum temperature, r¼0.72; mean tempera-
ture, r¼0.71; minimum temperature, r¼0.70) and relative
humidity (r¼0.74) but not rainfall. Dry and cold weather is the
typical weather in winter.
As the numbers of fall in winter and autumn were not signiﬁ-
cantly different, the two seasons were grouped as peak season,
whereas spring and summer were grouped as nonpeak season for
subsequent analyses. Table 3 shows the characteristics of the fallers
and predisposing factors of falls among the fallers who attended
the falls clinics. Signiﬁcantly larger proportion of falls occurred
among people living in old age home during the peak season when
compared with that in the nonpeak season (20.5% vs.11.8%). On the
other hand, the peak and nonpeak seasons were not associated
with fallers’ age and sex and the location of falls. Among all pre-
disposing factors, only lower limb weakness was signiﬁcantly
associatedwith fall occurrence in peak season. Higher proportion of
fallers during the peak season had lower limbs weakness as
compared with that in nonpeak season (31.4% vs. 23.3%). Multi-
variate logistic regression showed that when taking into account all
potential factors, only living arrangement and risky behavior were
signiﬁcantly associated with fall occurrence in peak season. Fallers
living in old age homes were 2.1 times (95% conﬁdence interval:
1.4e3.3) more likely than those living at own home, and fallers who
had risky behavior were 1.7 times (95% conﬁdence interval:
1.1e2.8) more likely than those without risky behavior to have fall
occurrence in peak season.
Table 3
Factors associated with fall occurrence in nonpeak and peak seasons
Factors Nonpeak season
(spring & summer)
Peak season
(autumn & winter)
p
Characteristics of fallers
Age (mean SD) 78.5 7.9 78.7 8.0 0.726
Male (%) 29.3 33.8 0.178
Living in old age
home (%)*
11.8 20.5 0.001
Location of falls
Indoor (%) 53.2 52.9 0.951
Predisposing factors
Lower limbs
weakness (%)y
23.3 31.4 0.011
Trip (%) 20.1 22.2 0.469
Unsteady gait (%) 19.0 24.6 0.056
Slip (%) 13.5 10.5 0.183
Risky behavior (%) 10.1 13.3 0.160
Dizziness (%) 9.5 10.5 0.648
Footwear
problem (%)
8.0 9.6 0.447
Knocked down (%) 4.3 4.1 0.905
Syncope (%) 2.6 3.9 0.296
Drowsiness (%) 1.4 1.5 0.918
Palpitation (%) 1.1 1.7 0.490
SD¼ standard deviation.
* A p value less than 0.001.
y A p value less than 0.05.
Table 1
Average adjusted monthly number of falls by season and incidence rate ratio esti-
mated from Poisson regression
Seasons Average adjusted
monthly number
of falls
Incidence
rate ratio
95% Conﬁdence
interval
Spring (MareMay) 233 0.805* (0.729e0.889)
Summer (JuneAug) 180 0.624* (0.560e0.695)
Autumn (SepeNov) 265 0.918 (0.834e1.011)
Winter (DeceFeb) 289 1 d
* A p value less than 0.001.
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This study found a peak in fall occurrence during winter as
compared with spring and summer. There was no signiﬁcant
difference in the age and gender of the older people who fell in the
peak and nonpeak seasons. A signiﬁcant correlation was also found
between a higher number of falls and lower (maximum, mean and
minimum) air temperature and lower relative humidity. This
association with temperature has been reported in three previous
studies with one indicated for rate of falls in New Zealand1 and
another two indicated for rate of hip fractures in Hong Kong and
Australia.6,7 Falls during winter may be attributed to slipping on icy
pavements or roads in some geographical areas but not in
subtropical Hong Kong. Other factors, such as behavioral or physi-
ological factors, may be involved, and all these factors may be
interrelated. This is supported by the argument stated by Lord et
al25 that a fall is usually contributed by the interaction between an
individual’s physical abilities and an environmental hazard. Find-
ings and explanations given by studies in Western countries may
not be fully applicable because of differences in population char-
acteristics and living environment.
Hong Kong is one of the most densely populated areas in the
world. Because of high population density in Shatin where the
present study covered, that is, 8842 persons/km2,26 more than 80%
of the older fallers were living in public or private ﬂats and the
remaining were residing at old age homes in the present study. The
public ﬂats where the older persons lived with or without their
family members are usually limited in space. The average living
space per person in public housing is 12.5 m2.27 Therefore, vertical
space is used for storage of household contents. Some older people
have the habit of climbing on a stool or chair to place or retrieve
objects. Other typical risky behaviors taken by the older people
included hurrying, running, and carrying heavy goods.28 About 12%
of the subjects who completed the comprehensive assessment
were found to be engaging in those risk-taking behaviors during
their falls. Such risk-taking tasks would become more challenging
in winter as the older people tend to put on many layers of clothes
under a cold environment. The wooden materials used tend to be
stiff, and multiple layers of clothing are usually worn, which may
restrict their movement andmake themmore susceptible to falling.Table 2
Pearson correlation coefﬁcient between weather conditions and the adjusted
number of falls in each month
Weather conditions Correlation with adjusted
monthly number of falls
Maximum air temperature 0.719*
Mean air temperature 0.706y
Minimum air temperature 0.703y
Relative humidity 0.743*
Total rainfall 0.328
* A p value less than 0.001.
y A p value less than 0.05.In our study, results from multivariate logistic regression also
showed that risky behavior was one of the factors associated with
fall occurrence in peak season.
The increased incidence of falls inwinter could also be explained
by the higher prevalence of lower limbs weakness contributing to
the falls in winter compared with summer. It is possible that older
people may spend more time staying indoors during cold weather,
which could lead to vitamin D deﬁciency because of lack of expo-
sure to sunlight. Insufﬁciency in vitamin D has been associatedwith
increased fall risk because of diminished muscle strength.29,30.
Moreover, people are less active in colder climates with reduced
participation in physical activity, which may decrease their lower
limbs strength and endurance and hence increases their risk of
falling.31 The ﬁndings that lower limbs weakness was not signiﬁ-
cantly associated with fall occurrence in peak season in multivar-
iate logistic regression may be because of the confounding of its
effect with other factors.
The result of the present study indicated that the increased risk
of falling in peak season for the older people living in old age home
was signiﬁcantly higher than those living in own home. Those older
people living in old age home are more frailer than those living in
their own home. A previous local study32 showed that malnutrition
is common among the old age home residents. Another local
study33 showed that the body temperatures of old age home resi-
dents decrease signiﬁcantly with lower ambient temperatures.
Both studies indicated that the old age home residents are at risk of
having impairment in thermoregulation and neuromuscular func-
tion under cold environment. Thus, the seasonal effect on the
thermoregulation and neuromuscular function for this frail group
of old age home residents is expected to bemore marked compared
with those older people living in their own home.
No signiﬁcant difference was found between the number of falls
indoors and outdoors between the peak and nonpeak seasons. The
present study demonstrated a similar seasonal pattern of falls
occurring inside and outside compared with a study in New Zea-
land.1 The proportion of falls indoors and outdoors in the present
study was similar (i.e., 53% vs. 47%, respectively). Hong Kong has
a subtropical climate where extreme weather conditions, such as
P.-Y. Yeung et al. / Journal of Clinical Gerontology & Geriatrics 2 (2011) 13e1616ice and snow, do not occur. Such environmental hazards are not
present in Hong Kong and would not have an effect on increasing
the likelihood of falling in outdoor environment.
In response to those possible factors contributing to the
increased number of falls among the older people in winter, some
measures could be taken to reduce their risk of falling. Maintaining
proper heating or suitable temperature within the homes of the
older peoplemay reduce the effect of temperature change on risk of
falling. Educational programs on highlighting the environmental
hazards and minimizing risky behaviors could be provided to the
older people. Facilitating their participation in physical activities to
maintain muscle functions and vitamin D supplementation may be
effective means of preventing falls in winter, especially for old age
home residents. Innovative clothing for the older people could be
explored further. There are new materials for clothing, which have
the properties of comfort, lightness, and thermal protection with
six times more insulation than the traditional polar ﬁbres.34 The
older population could constitute a substantial market for such
clothing products.
There are some limitations in the present study. It included only
1-year data for analysis. A longer time series would be more pref-
erable, which could provide stronger evidence to support the
observation. Meanwhile, the weather in Hong Kong changes
gradually and the four seasons are not as distinct as could be
classiﬁed by calendar year. Yet, the classiﬁcation is necessary to
facilitate the analysis. Lower limbs weakness, which was identiﬁed
as a major predisposing factor for falls in the present study was
a self-reported condition and it was not based on objective
measurements. The present study did not include those older
people who fell but did not attend A&E Department as these may
represent the less injurious falls. Older falls presenting to A&E
Department may represent more serious and injurious falls, which
have a direct and greater impact on the health care system and
costs, and therefore the present study focused on this group of
fallers. Despite the limitations, the present study documented the
detailed history of predisposing factors for falls for analysis.
In summary, there was a peak in occurrence of falls among the
older people during winter in Hong Kong. Possible mechanisms
contributing to the seasonal pattern may include geographical,
behavioral, and physiological factors. Further studies on interven-
tion to minimize the impact of seasonality on risk of falling among
older people in Hong Kong are indicated.Acknowledgments
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